INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US94/ 11684 



A, CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :C23C 22/34, 22/36 
USCL :148/247 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 148/247 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 5,139,586 (Das) 18 August 1992. 



| Further documents are listed in the continuation of Box C. See patent family 



annex. 



the general Ms of the tit which is oot considered 



to be 

earlier document published oo or after the mtcnaaooal filing date * 

doormen! which nay throw doubts on priority chum(i) or which m 
cited to fifth I rah the publication dale of another citation or other 
special fcaaoo (aa specified) * Y " 

document referring to an oral disclosure, use. exhibition or other 

document published prior to the international filing date but later than - * • 
thee ' " 1 • ' * 1 



later oncumcnt published after the nUernational ffling dale or jmorifc/ 
date and oot fa conflict with the application but cited to anderstaoddtt 
principle or theory underryms the invention 



document of particular relevance: the claimed 
considered novel or cannot be considered to 
when the document ii taken alone 



□not be 
inventive step 



document of particular relevance: the claimed invention 
considered to involve an inventive step when the 
combined with one or more other such document), sue 
being obvious to s person skilled in the art 



09 

m 

CO 

i 



Date of the actual completion of the international search 
13 DECEMBER 1994 



Date of mailing of the international search report 

06JAN1995 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized 



^ SILVERBERG 
Telephone No. (703) 308-1974 




WO 95/10641 



PCT/OS94/11684 



-17- 



25. A coating composition according to claim 3 and 
further including dissolved aluminum ion at a concentration 
of between about 10 and about 3,000 ppm. 

26. A coating composition according to claim 25 wherein 
5 said aluminum is present at a concentration of between about 

100 and 600 ppm. 

27. A method of treating metal, comprising applying to 
the metal an aqueous coating composition comprising: 

(a) between about 10 ppm and about 5,000 ppm, based on 
10 the aqueous composition, of dissolved metal ions selected 

from the group consisting of titanium, zirconium and halfnium 

(b) between about 80 ppm and about 1300 ppm, based on 
the aqueous composition, of dissolved metal ions selected 
from the group consisting of magnesium and calcium; 

15 (c) between about 10 ppm and about 6,000 ppm, based on 

the aqueous composition, of dissolved fluoride ions; and 
(d) water; 

said composition having a pH of between about 2.0 and 
about 5.0. 
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16. A coating composition according to claim 15 wherein 
said boron is present in the amount of between about 10 pprn 
to about 200 ppm. 

17. A coating composition according to claim 16 wherein 
5 said boron is present in the amount of between about 50 ppm 

to about 100 ppm. 

18. A coating composition according to claim 3 and 
further including a phosphate salt in an amount effective to 
provide a phosphate concentration of between about 10 ppm to 

!0 about 600 ppm. 

19. A coating composition according to claim 18 wherein 
said phosphate salt is present in an amount effective to 
provide a phosphate concentration of between about 150 ppm to 
about 300 ppm. 

15 20. A coating composition according to claim 3 and 

further including zinc ion at a concentration of between 
about 10 ppm to about 100 ppm. 

21. A coating composition according to claim 20 wherein 
said zinc ion is present at a concentration of between about 

20 20 ppm to about 30 ppm. 

22. A coating composition according to claim 3 wherein 
said composition has a pH of between about 2.6 and 3.1. 

23. A coating composition according to claim 3 and 
further including a crystal deformation agent. 

25 24 . A coating composition according to claim 23 wherein 

said crystal deformation agent is nitrilotris (methylene) 
triphosphonic acid (ATMP) . 
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7. A coating composition according to claim 3 wherein 
said zirconium ions are present in the amount of between 
about 200 ppm and about 400 PP m of the aqueous composition. 

8. A coating composition according to claim 3, and 
further including a source of tripolyphosphate ions. 

9. A coating composition according to claim 8 wherein 
said source of tripolyphosphate ions is sodium 
tripolyphosphate. 

10. A coating composition according to claim 9 wherein 
said tripolyphosphate ions are present in the amount of 
between about 60 ppm to about 4,400 ppm. 

11. A coating composition according to claim 10 wherein 
said tripolyphosphate ions are present in the amount of 
between about 150 ppm to about 200 ppm. 

12. A coating composition according to claim 3, and 
further including at least about 10 ppm of tannic acid or 
vegetable tannin. 

13. A coating composition according to claim 12 wherein 
sa!d tannic acid or vegetable tannin is present in the amount 
of about 50 ppm to about 200 ppm. 

14. A coating composition according to claim 3, and 
further including a sequestering agent in an amount effect 
to complex essentially all dissolved iron present in the 
composition. 

15. A coating composition according to claim 3, and 
further including a source of boron. 



lve 
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CLAIMS 

We claim: 

1. An aqueous composition for coating aluminum, ferrous 
or magnesium alloys, comprising: 

(a) between about 10 ppm and about 5,000 ppm, based on 
the aqueous composition, of dissolved Group 4 metal ions 
selected from the group consisting of titanium, zirconium and 
halfnium; 

(b) between about 80 ppm and about 1300 ppm, based on 
the aqueous composition, of dissolved Group 2 metal ions 
selected from the group consisting of magnesium and calcium; 

(c) between about 10 ppm and about 6,000 ppm, based on 
the aqueous composition, of dissolved fluoride ions; and 

(d) water; 

said composition having a pH of between about 2.0 and 
about 5.0. 

2. A aqueous composition according to claim 1 wherein 
the Group 4 metal is zirconium. 

3. A aqueous composition according to claim 1 wherein 
the Group 2 metal is calcium. 

4. A coating composition according to claim 3 wherein 
said calcium ions are present in the amount of between about 
100 ppm and about 500 ppm of the aqueous composition. 

5. A coating composition according to claim 3 wherein 
said calcium ions are present in the amount of between about 
150 ppm and about 250 ppm of the aqueous composition. 

6. A coating composition according to claim 3 wherein 
said zirconium ions are present in the amount of between 
about 200 ppm and about 1,000 ppm of the aqueous composition. 
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EXAMPLE 5 

Evaporators used in air conditioning units were coated 
with the preferred embodiment of the coating. The 
evaporators were treated at 140°F solution temperature by 
5 immersion for 5 minutes followed by a 10% grade 40 silicate 
treatment at 120°F. The evaporators were thoroughly rinsed 
with tap water for 30 seconds and dried at 300°F for 10 
minutes. The evaporators were tested and passed requirements 
for SWAAT (500 hours without loss of refrigerant pressure) 

10 and neutral salt (1,000 hours without perforation) testing. 
The units also passed requirements for "wet AP" tests. 
(The wet AP test measures the drop in air pressure from one 
side of the evaporator to the other in 50% and 90% humidity 
environments.) No difference was seen between the two 

15 levels, indicating excellent watershedding capability of the 
coating and excellent hydrophilicity . 

While the invention has been illustrated and described in 
detail in the drawing and foregoing description, the same is 
to be considered as illustrative and not restrictive in 

20 character, it being understood that only the preferred 

embodiment has been shown and described and that all changes 
and modifications that come within the spirit of the 
invention are desired to be protected. 
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EXAMPLE 2 

A conversion coating solution was prepared in distilled 
water as follows. Potassium hexaf luorozirconate (1.0 grains 
K 2 ZrF g per liter, providing approximately 313 ppm Zr and 
5 approximately 402 ppm F) was added to a solution of calcium 
hydroxide (148 mg Ca(OH) 2 providing approximately 80 pprn 
Ca) and nitric acid. The solution pll was adjusted to 2 . 6 
with 0.273 ml 42° Baume HN0 3 . A conversion coating 
according to the present invention was formed. 

1Q EXAMPLE 3 

A preferred embodiment of a conversion coating solution 
was prepared in distilled water as follows. Potassium 
hexaf luorozirconate (1.0 grams per liter providing 
approximately 313 ppm Zr and approximately 402 ppm F) was 

15 added to a solution containing 148 mg Ca(OH) 2 , 500 mg 
Na 2 B 4 0* 10H 2 O, 1 . 0 mL 42° Banme HN(> 3 , 500 mg 
sodium tripolyphosphate, 200 mg KF # 2H 2 0, and 100 mg of 
tannic acid per liter aqueous solution. 

EXAMPLE 4 

20 Aluminum (3003) panels were treated with the basic 

conversion coatings of Examples 1-3 (two panels for each 
example coating) for 5 minutes at 140°F. The panels were 
oven dried at 300°F for 5 minutes. 

One panel was taken from each of the above sets and 

25 treated (5 minute dip at 120°F) with a 10% by weight Grade 40 

sodium silicate solution in deionized water. After the 

sodium silicate treatment, the panels were dried for 5 

minutes at 300°F. 

All panels were exposed to a solution comprising 5% NaCl 
-4 

30 and 8.0x10 M acetic acid (pH = 3.1) at 90~92°F. This 
test is commonly referred to as SWAAT. 

Results are given in the table below, giving the percent 
area showing pitting (in a 10x20 grid) of the treated panels 
for up to four days exposure. 
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range (10 to 2000 ppm) and is preferably used from 50 to 200 
ppm. 

Working solutions composed of mixture (s) of the above 
components may be applied by spray, dip, or roll coat 
5 application. After the coating has formed, the surface 
should be rinsed with clean water. The rinse(s) may be 
deionized or tap water and should remove any soluble salts 
which might be present on the surface. 

The surface obtained is hydrophilic and may be coated 
10 with an organic or silicate coating. Adhesion of organic 
coatings is improved when compared to untreated metal. 
Treatment with a silicate, preferably a 1 to 15 weight % 
sodium silicate solution, extends the life of the metallic 
substrate in a corrosive environment. 
15 It is to be appreciated that siccative coatings which 

form an organic barrier may also be necessary for decorative 
purposes of the final product. Silicates (such as Sodium 
Silicate Grade #40 at 0.5% to 20% in water) deposit and react 
with the formed coating to provide additional corrosion 
protection while maintaining a hydrophilic surface. The 
silicate drys and forms a network of siloxyl linkages. The 
corrosion protection is enhanced by the silicate as with the 
siccative type coatings. The siccative type coatings usually 
leave a surf ace which is hydrophobic. 

Reference will now be made to specific examples using the 
processes described above. It is to be understood that the 
examples are provided to more completely describe preferred 
embodiments, and that no limitation to the scope of the 
invention is intended thereby. 

EXAMPLE 1 

A calcium-free conversion coating solution was prepared 
in distilled water as follows. Potassium hexaf luorozirconate 
(1.0 grams K 2 ZrF g per liter, providing approximately 313 
ppin Zr and approximately 4 02 pptn F) was provided in aqueous 
solution at a pH of 2.6 with nitric acid. A calcium-free 
conversion coating was formed. 
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continuous polymeric oxide structure with the basic 
CaB 2 0 4 composition. This, along with the zirconium and 
zirconate matrix, is believed to be a source of improved 
corrosion protection. The preferred range for boron is 50 to 
5 100 ppm, typically present at 10 to 200 ppm. 

The addition of zinc to the working solution produces 
coatings with improved corrosion resistance. It is believed 
the zinc accelerates coating deposition and, when 
incorporated into the coating (if reduced) may provide 

10 galvanic protection to the metal substrate. The typical 
range for zinc is 5 to 100 ppm, preferably 10 to 30 ppm. 

Aluminum added to the working solution increases the rate 
of deposition of insoluble salts in the coating. Aluminum 
may be added in any form of soluble aluminum salt, preferably 

15 as a hydrated aluminum nitrate. Typically, aluminum may be 
present at 50 to 1000 ppm, preferably at 100 to 200 ppm. 

It should be noted that the presence of iron in working 
solutions for aluminum and other metals may decrease the 
corrosion protection obtained. A chelant such as EDTA, 

20 triethanolamine, or Versenex 80 will preferentially complex 
the iron in solution, at the preferred pH values stated, and 
inhibit its incorporation into the conversion coatings. 

Additionally, calcium salts which may form in the higher 
end of the temperature range mentioned may be more soluble at 

25 the lower temperatures and, therefore, the working solution 
should be used at the lower end of the temperature range when 
the calcium content of the working solution is at the high 
end of the levels stated. 

Crystal deformation additives such as nitrilotris 

30 (methylene) triphosphoric acid function to reduce the average 
crystal size of the deposited coating, providing a more 
uniform surface texture. This promotes even deposition of 
coating and enhances paint adhesion to the surface. An 
additive such as ATMP may be used in a broad concentration 
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In a second aspect of the invention the quality of the 
coating is improved by adding, e.g., phosphates, 
polyphosphates, tannin, aluminum, boron, zinc, a sequestering 
agent to complex dissolved iron, and a crystal deformation 
5 agent such as ATMP. In the most preferred embodiment, all of 
these components are included. 

The addition of a tripolyphosphate (as Na 5 P 3 0 1() or 
other polyphosphate salt) will assist in maintaining high 
levels of calcium in the treatment bath, as soluble calcium 
10 complexes will form with tripolyphosphate and provide a 
"reservoir" of calcium to the solutions. 

The addition of phosphate to the working bath also adds 
both to corrosion protection and to paint adhesion to the 
coating obtained. It is commonly believed that the 
15 incorporation of phosphates into certain conversion coatings 
enhances protection from "pitting" corrosion; as when a pit 
is initiated in a corrosive environment, the phosphate 
present will first dissolve into the pit area and, there, 
form insoluble salts with base (substrate) metal ions or 
20 other coating components, effectively sealing the pit. 

Organic additives such as tannic acid or vegetable 
tannins in plating and chemical conversion coating systems 
are beneficial in promoting uniformity of coating, organic 
coating adhesion, and corrosion resistance. Tannic acid and 
25 vegetable tannins may be incorporated into the treatments 

disclosed here and do give the benefits listed above. Tannic 
acid shows beneficial effects in a very broad range, from 10 
ppm to its solubility limit. At higher levels, the coating 
becomes very golden brown as much of the tannate has become 
30 incorporated into the coating. Optimum levels of tannic acid 
and vegetable tannins are from 50 to 500 ppm. 

The addition of boron in the form of boric acid or a 
borate salt to the working solution improves certain 
properties of the coating, such as corrosive resistance. 
35 Borate anions in the presence of calcium will form a 
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corrosive environment and to extend the life of the coating 
solution. 

The pH of the coating is normally between about 1.5 and 
5.0, preferably between about 2.0 and 4.0, most preferably 
5 between about 2.6 and 3.1. The pH may be adjusted by adding 
a Group IVA metal acid, an acid fluoride, or other mineral 
acids such as HN0 3 , H 2 S0 4 , etc. Most preferably, 
HN0 3 is used. Generally, higher levels of metal 
concentration necessitate lower pH levels and, with 
10 increasing levels of metal and acid, a heavier coating is 
obtained under these conditions. 

The temperature of the working solution preferably ranges 
from about 70°F to about 160°F. Appropriate working solution 
temperatures for particular applications may be selected by 
15 persons skilled in the art without undue experimentation. 
Acceptable coatings can be formed from solutions 
containing from 1.5 x 10~ 4 M to 5.5 x 10~ 2 M Group IVA 
metals, with 2.5 x 10" 4 M to 3.0 x 10~ 2 M Group IIA 
metals. The best ratio of Group IVA to Group IIA metal 
20 depends on the method of coating solution contact (spray, 

dip, flood, etc.), working bath temperature, pH, and fluoride 
concentration. For example, for a five minute immersion at 
80° to 140°F, 150 to 600 ppm Zr, 40 to 300 ppm Ca and 200 to 
740 ppm F~, at a pH from 2.6 to 3.1, gives superior 
25 corrosion protection. 

Working solutions can be made up to the solubility limits 
of the components in combination to provide acceptable 
coatings. Lower levels are preferred, however, as dissolved 
substrate metal ions entering the coating solution during 
30 processing may cause precipitation of bath components. As 
will be discussed further, when bath component precipitates 
are formed, the addition of a chelant such as Versenex 80 to 
a bath for treatment of ferrous substrate will yield a 
soluble ion complex with dissolved iron, extending the life 
35 and efficiency of the working solution. 
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availability and lower cost- Other Group IVA metals may be 
used as desired for a particular commercial application. 

The zirconium or other Group IVA metal is provided in 
ionic form which is easily dissolved in the aqueous coating 
5 composition. For example, K 2 ZrF g , H 2 ZrF g or 

Zr(0)(N0 3 ) 2 may effectively be used. Note that the 
source of Group IVA metal ion may also be a source of 
fluoride ion, commonly an alkali metal f luorozirconate salt. 
Potassium hexaf luorozirconate is most preferred. 

10 The Group IIA metal may be calcium, magnesium, beryllium, 

strontium or barium, with calcium being preferred in one 
embodiment. The Group IIA metal may be provided as any of 
the many inorganic hydroxides or salts available, including 
the nitrates, sulfates, fluorides, etc. For example, 

15 Ca(OH) 2 , Ca(N0 3 ) 2 , etc., may be used, with calcium 
nitrate being most preferred in one embodiment. 

A source of fluoride ion is also included to maintain the 
solubility of metals in solution. The fluoride may be added 
as an acid (e.g., HF) , as any of the many fluoride salts 

20 (e.g., KF, NaF, etc.), as the complex metal fluoride of the 
Group IVA metal, or in any other form which will donate 
fluoride to the working solution. Most preferably the 
fluoride is added as K 2 ZrF g and KF. 

The fluoride is preferably present in a molar ratio of at 

25 least 4 moles fluoride to each mole of metal. The 

concentration of fluoride in the working solution is selected 
such that the metals remain soluble and little or no etching 
of the substrate occurs. The particular fluoride level is 
also selected according to the pH and metal concentration of 

30 the coating solution, knowing that the fluoride will move 

from the higher order metal fluorides to the lower order and 
preferentially to the metallic (oxide) surface. A small 
amount of etching of an oxide surface is acceptable, but much 
of the metal oxide present on the surface prior to coating 

35 should be retained to give additional protection in a 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purpose of promoting an understanding of the 
principles of the invention, reference will now be made to 
preferred embodiments and specific language will be used to 
describe the same. It will nevertheless be understood that 
no limitation of the scope of the invention is thereby 
intended, such alterations and further modifications in the 
illustrated embodiments, and such further applications of the 
principles of the invention as illustrated herein being 
contemplated as would normally occur to one skilled in the 
art to which the invention pertains. 

As indicated above, the present invention relates 
generally to chromate-f ree compositions which provide a 
highly corrosion resistant coating on the surface of metal 
15 substrates. In particular, coatings based on Group IVA 

metals such as zirconium are disclosed, with the traditional 
performance of Group IVA coatings being improved by adding 
calcium to the mix. The inventive compositions produce a 
hydrophilic, corrosion resistant coating on iron, aluminum 
and magnesium while providing a surface that gives improved 
adhesion of paint and other organic coatings. 

In one aspect of the present invention a corrosion 
resistant conversion coating is provided comprising a Group 
IVA metal such as titanium, zirconium or halfuium, a Group 
25 HA metal such as calcium or magnesium, and a source of 

fluoride ions. The composition is preferably provided at a 
pH of between about 2.0 and 4.5, most preferably between 
about 2.6 and 3.1. 

As indicated, the Group IVA metal may be titanium, 
30 zirconium or halfnium. (Group IVA refers to the IUPAC 

nomenclature; the corresponding CAS designation for these 
metals is Group IVB. Alternatively, these metals may be 
designated merely as Group 4.) in most applications 
zirconium is used, due primarily to its commercial 



20 



WO 95/10641 PCT/US94/1 1684 



-4- 



SUMMARY OF THE INVENTION 

The present invention provides improved conversion 
coatings based on Group IVA metals such as zirconium by 
combining the Group IVA metal with a group IIA metal such as 
5 calcium. In one aspect of the invention, an aqueous 

conversion coating is provided comprising between about 10 
ppm and about 5,000 ppm zirconium, between about 50 ppm and 
about 1300 ppm calcium, and between about 10 ppm and about 
6,000 ppm fluoride; the composition having a pH of between 
10 about 2.0 and about 5.0. The coating may optionally include 
polyphosphates, tannin/ phosphates, boron and zinc; a 
sequestering agent to complex dissolved iron, and a crystal 
deformation agent such as ATMP may also be included. 
One object of the present invention is to provide 
15 improved conversion coatings for aluminum automotive parts 
such as wheels, body panels and heat exchange devices. 

Further objects and advantages of the present invention 
will be apparent from the following description. 
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Patent No. 4,338,140 to Reghi uses a sequestering agent such 
as EDTA to complex hard water components such as calcium and 
magnesium. 

It should further be noted that the conversion coatings 
5 of the prior art have not proven particularly effective for 
certain applications. For example, formed aluminum parts 
used in automotive heat exchange devices (such as air 
conditioner evaporators) which are exposed to highly 
corrosive environments have not been effectively treated 
10 using known cromate-free coatings. 

A need therefore exists for improved conversion coatings 
for providing a high level of corrosion resistance to 
aluminum and other metals, such as magnesium and ferrous 
alloys, used in aggressive environments. The present 
15 invention addresses that need. 
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potentially toxic chromates. Chromate-f ree conversion 
coatings typically employ a Group IVA metal such as titanium, 
zirconium or halfnium, a source of fluoride ion and a mineral 
acid for pH adjustment. Conversion coatings of this sort are 
5 typically clear in color, and are commonly used to prevent 
the blackening that normally occurs when aluminum is boiled 
in water during pasteurization. 

For example, U.S. Patent No. 3,964,936 to Das discloses 
the use of zirconium, fluoride, nitric acid and boron to 
10 produce a conversion coating for aluminum. U.S. Patent No. 
4,148,670 to Kelly discloses a conversion coating comprising 
zirconium, fluoride and phosphate. U.S. Patent No. 4,273,592 
to Kelly discloses a coating comprising zirconium, fluoride 
and a C-j^y polyhydroxy compound, wherein the composition is 
15 essentially free of phosphate and boron. U.S. Patent No. 

4,277,292 to Tupper discloses a coating comprising zirconium, 
fluoride and a soluble vegetable tatnnin. 

U.S. Patent No. 4,338,140 to Reghi discloses a conversion 
coating comprising zirconium, fluoride, vegetable tannin and 
20 phosphate, and optionally including a sequestering agent to 
complex hard water salts such as calcium, magnesium and 
iron. U.S. Patent No. 4,470,853 to Das et al. discloses a 
coating comprising zirconium, fluoride, vegetable tannin, 
phosphate and zinc. U.S. Patent No. 4,786,336 to Schoener et 
25 al. discloses a coating comprising zirconium, fluoride and a 
dissolved silicate, while U.S. Patent No. 4,992,116 to 
Hallman discloses a conversion coating comprising a 
fluoroacid of zirconium and a polyalkenyl phenol. 

It can be seen from the above that the compositions of 
30 the prior art have not combined Group IIA metals such as 
calcium with Group IVA metals such as zirconium to provide 
corrosion resistant coatings. In fact, prior art 
compositions have expressly avoided Group IIA metals since at 
low concentrations such metals are known to cause scaling 
35 from alkali metal precipitates. As was noted above, U.S. 
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CONVERSION COATINGS FOR METAL SURFACES 



FIELD OF THE INVENTION 

The present invention relates generally to coatings for 
metal surfaces, and more particularly to conversion coatings 
5 for aluminum. 

BACKGROUND TO THE INVENTION 



A variety of chemical conversion coatings for aluminum or 
other metal surfaces are known to the art. All of these 
conversion coatings prevent metal surfaces from being 

10 converted to their metal oxide by corrosion by replacing or 
modifying the outer surface layer of the base metal. A 
corrosion resistant outer layer is thereby provided, while 
often simultaneously providing a surface for improved paint 
or other organic coating adhesion. Conversion coatings may 

15 be applied by a "no-rinse" process in which the metal surface 
to be coated is cleaned and the conversion coating is dipped, 
sprayed or rolled on, or they may be applied as one or more 
coats which are subsequently rinsed to remove undesirable 
residues from the coating process. 

20 . Many conversion coatings are chromate-based 

compositions. In general, chromate-based conversion coatings 
are acidic, aqueous compositions comprising chromic acid and 
chemical supplements. In order to improve deposition of the 
coating to the metal surface, alkali metal salts and/or 

25 mineral acids may be added to adjust solution pH. 

More recently, chromate-f ree conversion coatings have 
also been developed. These coatings are especially useful 
for applications, such as coating aluminum food or beverage 
cans, in which it is particularly desirable to avoid 
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